Method
I n the present study, the Vogelfanger-NRC vascular stapler Mark IV, the American Stapler, and the Nakayama I n s t r u m e n t for small vessel anastomosis, were used for segmental vein grafts and end-to-end anastomosis of arteries and veins in ~3 small mongrel dogs weighing from 1~ to 35 pounds.
The animals were anesthetized with an intravenous injection of sodium nembutal and intubated. Arteries or veins were exposed, measured with the Vogelfanger-NRC measuring forks TM (Table ~) , clamped, and divided or resected. The eversion was carried out by the Vogelfanger-NRC everter 2'6'14 or a pair of fine forceps. The everted surfaces were then inspected through the operative microscope, under 16, ~5 or 40 magnifications for any possible damage to the intima. Repair was then completed. Before the removal of the clamps and re-establishment of the circulation, the repaired vessel was again examined through the operative microscope. Finally, the circulation was re-established and the wound closed in layers.
Art operating microscope was sometimes used during the eversion or dissection of arteries or veins with an external diameter of ~ or ~.5 mm.
No anticoagulant was used, locally or systemically, during or after the procedures. Patency of the vessels was evaluated by angiography at different intervals postoperatively. I n those animals that were going to be sacrificed after angiography, the sites of the operations were exposed and examined; finally the vessels were removed for histological studies.
Four procedures were completed.
Segmental vein autografts in arteries.
The first experiment involved segmental vein grafts in the carotid, brachial and femoral arteries. The Vogelfanger-NRC Stapler was first used in this procedure. Bushings of the same size as the external diameter of the vessels were chosen and eversions carried out by the coiresponding everters. Evaluation of the everted vessels through the operating microscope sometimes showed t h a t a semicircular or circular cut of the intima, originally at the periphery on the external ring, had, in a few minutes, been pulled inside the stapling ring. Occasionally eversion with this technique was not possible or produced a tear in the vessel wall. The tear in the intima seemed to be due to the rubber ring of the everter which pressed on the intima against the external ring of the bushing, while everting the vessel. Failure to evert the vessel resulted when its wall could not be stietched over the bushing.
Bushings are graded by the diameter of the stapling ring, 14 not by the external diameter of the bushing (Fig. 1) , and usually there is about one or more millimeters difference between these ~ diameters. Thus, the vessel wall has to be stretched and its circumference increased about 3 mm. or more, so as to be everted on a bushing equal to its exter- Vessels of about 9 mm.
Human splenorenal shunts and canine portal veins Vessels from '2 to 5 ram.
Vessels from 1.5 to 4 mm.
Vessels from 1.5 to 3.8 mm.
Vessels from 1 to ~ mm. Staples in disposable plastic bushings U-shaped tantalum staples nal diameter. If the circumference of the vessel is relatively large, this amount of stretching may be tolerated without injury to the vessel. However, when the circumference is small, the eversion may cause damage. For instance, a ~ mm. vessel has to be stretched half the length of its circumference so that eversion can be effected in the corresponding bushing. This could be harmful. The intima is the first layer to be damaged. This is probably due to its structure and the tension produced by its being stretched over the larger circumference of the external ring of the bushing, plus the thickness of the vessel wall.
The following technique was therefore adopted. a) The artery was dilated by placing the closed tips of a pair of fine forceps inside the lumen and slowly but not completely releasing them. This procedure was carried out twice in each direction. b) A bushing equal to tile original external diameter of the artery was chosen, and eversion was undertaken with ~ pairs of fine forceps. This was done in 8 steps. First, ~ opposite lateral points of the artery were taken by the forceps and pulled vertically upwards. A downward and slightly lateral pull then everted almost half of the artery on the operatol's side. Finally, the forceps was turned to the opposite side and the other half everted by rolling the wall of the artery on the bushing. The effectiveness of a rolling motion is superior to that of a direct pull.
If this rolling technique was successful, a bushing, 0.5 ram. smaller in diameter, was chosen; eversion was then always successful. Usually, with experience the operator can sense the extent of dilatation of a vessel while everting it, and thus avoid any damage from over-dilatation. The forceps technique is more satisfactory than that using 3 or 4 pairs, because a larger portion of the vessel is available for eversion, and because this can be accomplished by rolling rather than pulling the arterial wall. 
